INTRODUCTION
============

In recent years, with the rapid developments of industry and the transportation and shipping industry, the incidence rate of pelvic and acetabular fractures resulted from high energy injuries such as those caused by traffic accidents, high falling injury and crush by heavy objects have significantly increased, especially for pelvic fracture caused by traffic accidents. This type of fracture can lead to unmanageable complications such as bleeding; and in the short term, the conditions of these injuries are complex and prognosis is poor. For displaced pelvic and acetabular fractures, it is usually advocated by aggressive surgical treatment;[@B1] and proper operative approach is very important for fracture exposure and reduction. There are many defects in the traditional ilioinguinal approach such as complicated anatomy, severe trauma, limited reduction and fixation spaces of fracture, and more complications. Since the application of the Stoppa incision approach was applied in the treatment of complicated hernia repair surgery and the treatment of pelvic and acetabular fractures by Hirvensalo et al.,[@B2] ^,^ [@B3] the Stoppa approach and its modified approaches have became alternative approaches for traditional ilioinguinal approach due to advantages of slight trauma, replacement of the quadrilateral body fracture could be performed in direct vision,[@B4] and less complications. Hence, the use of this approach has continuously increased. From November 2008 to September 2012, 18 cases of pelvic and acetabular fractures were treated by the modified Stoppa approach; and the curative effect was satisfactory. The report is as follows.

MATERIALS AND METHODS
=====================

General data
------------

A total of 18 pelvis and acetabulum fracture patients who were admitted from November 2008 to September 2012 were enrolled into this study. All participants in the study provided written the free and informed consent in accordance with the Gansu Provincial Hospital of TCM Local Ethics Committee. Among these patients, 14 were males and four were females; and the age of these patients ranged between 19-62 years old, with an average age of 38.2 years old. Reasons of injuries: traffic accident injury (10 patients), falling injury (five patients), and crush injury (three patients). Time interval from injury to surgery was 6-18 days, with an average six days. All patients underwent three position- Judet Pelvic X-ray film photography, pelvis CT scans and two- or three-dimensional reconstructions. Among patients with pelvic fractures, Tile classification were as follows: two patients were[@B5] B2 type, four patients were B3 type, and two patients were C2 type. Among the 10 patients with acetabulum fractures, according to Letournel-Judet classification:[@B6] three patients had anterior column fractures, three patients had anterior column combined with posterior hemi-transverse shaped fractures, one patient had a T-type fracture, and one patient had a double column fracture. There was no vessel, nerve, or pelvic organ injury in preoperative patients. These patients were treated in accordance with the damage control principle of surgical treatment after admission. These preoperative examinations were improved. For Tile C-type fractures, 8-10 kg of weight traction was given on the condyles of the femur; and these were reviewed by X-ray films. Patients were operated after the pelvic vertical shift was corrected. For the remaining patients, when their conditions were stable, operation should be performed as early as possible; in which incision fracture reduction and internal fixation with steel plate and screw based on the Stoppa approach was performed. Among these patients, three were treated combined with the iliac fossa approach, and one was combined with the rear Kocher-Langenbeck (K-L) approach.

Surgical methods
----------------

Surgery was performed under general anesthesia. After successful anesthesia, the patients were placed in the supine position, and a triangular pillow was placed under the knees to place the patients in the genuflex and hip flexion posture. Treatments for double column fracture patients were combine with the posterior K-L approach, draped in accordance with the floating position, routine disinfection was performed, and a longitudinal incision of approximately 6-10 cm in length was made from the synchondrosis pubis to the navel. After the skin and subcutaneous tissue were incised, the linea alba was longitudinally incised, the rectus abdominis was pulled to both sides, and the ending point of the rectus abdominis was retained. Then, lower abdominal wall muscles, external iliac blood vessels, femoral nerves, and iliac and lumbar muscles were pulled forward anterolaterally, and extraperitoneal pelvic organs were pushed posteromedially. During the exposure process, surgeons should pay attention to the abnormal vascular extraperitoneal communication branches; which is the true pelvic brim from the synchondrosis pubis to the joints sacroiliaca, and could be exposed. In this group, arterial anastomotic branches between the inferior abdominal artery and obturator artery, as well as accompanying veins, were found in five patients; wherein the "corona mortis" vessel should be isolated and cut off. The iliopectineal fascia was incised, and the subperiosteal was dissected to expose the fractures. The fractures were reduced with apparatuses such as bucking bars and pelvic fracture reduction forceps, and were combined with lower limb traction. The fracture could be first fixed with screws and Kirschner wires, the steel plate was placed at the inner edge of the true pelvis entrance after plasticity, and the steel plate could be placed in the arcuate line and fossa iliaca after plasticity when necessary. During the operation, fracture reduction and the position and length of the screws in the steel plate were observed through C-arm fluoroscopy; and it was ensured that these screws would not enter into the acetabulum. The joints sacroiliaca or ilium fractures were reduced and fixed, and combined with the iliac fossa approach. For the case of double column fractures, the rear K-L approach was performed to reduce and fix the posterior column fracture in the floating posture, after the anterior column fracture was reduced by the improved Stoppa approach. The integrity of the peritoneum was checked, and a negative pressure drainage tube was placed at the retropubic space, the inner side or the posterior of the acetabulum. Then, the fascia recta was closely sutured, and then the skin was sutured.

Postoperative treatment
-----------------------

All post-operative patients received a subcutaneous injection of low-molecular-weight calciparine at the dose of 5,000 U for 12 days. Antibiotics were used at postoperative 24 hours to prevent infection. The negative pressure drainage were extracted within 24-48 hours post-operation, exercised the ankle joint of the affected limbs postoperatively woke up from the anesthesia. Hip joint functions combined with active and passive motions were exercised at two days after the operation, ground activities and partial weight-bearing were started 4-6 weeks post-operation, and the time of initiating full weight-bearing exercises depended on the review of the X-ray films.

RESULTS
=======

In this study, operative incision length was 6-12 cm (average, 10 cm) with the modified Stoppa approach, operative time duration was 50-150 minutes (average, 85 minutes), and the volume of intraoperative blood loss was 400-1,000 ml (average, 500 ml). Among these 18 patients, 12 patients revealed anatomical reductions in postoperative X-rays; and the remaining were satisfactory reduction. According to the Matta standard,[@B7] all 18 cases were satisfactory reduction. Curative effects were evaluated according to the Majeed standard:[@B8] 13 patients were excellent, and five patients were good. These patients were postoperatively followed-up for 12 to 36 months, fracture healing time was 10-12 weeks, postoperative fat liquefaction of the abdominal wall incision occurred in one patient, and the wound healed two weeks after changing the dressing. No complications such as nonunion, heterotopic ossification, lower extremity deep vein thrombosis, or ureter bladder injuries occurred. Typical cases are shown in [Figures 1](#f1){ref-type="fig"}--[4](#f4){ref-type="fig"}.
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DISCUSSION
==========

Selection of pelvic and acetabular fracture approaches
------------------------------------------------------

The purpose of surgeries for pelvic and acetabular fractures are to correct deformities and restore pelvic ring structure stability, well-reduce acetabular fractures, and provide reliable fixations; in order to facilitate early functional exercise, and prevent the occurrence of traumatic arthritis of the hip. There are two main types of surgical approachs: one is the pelvic external rear K-L approach and the extended iliac approach, and the other is the pelvic internal ilioinguinal approach and the Pfannenstiel approach. The K-L approach was used for posterior fractures, while the ilioinguinal approach was used in anterior fractures. Anterior combined with posterior approaches, as well as the extended ilioinguinal approach, were used in double column fractures and other complex fractures. The ilioinguinal approach was used for the treatment of acetabular fractures by Letournel[@B9] and Matta.[@B10] This approach has advantages, in which the whole anterior ring of the pelvis, as well as the anterior acetabular fractures and transverse fracture, can be well revealed; reducing the incidence of heterotopic ossification and sciatic nerve injury. However, the anatomy of the ilioinguinal approach is complex; and the fractures need to be exposed in three windows of tissue spaces: the external iliac lymph vascular bundle, the femoral nerve, and the spermatic cord or the fallopian arch. The surgical trauma was great, technical requirements were high, the learning curve was steep, and it could easily cause damages to important tissues and other defects. Especially for fractures of the bilateral pelvic anterior ring and bilateral acetabulum, if the bilateral ilioinguinal approach was selected, greater trauma would be caused. In addition, the design of the ilioinguinal approach determined that this approach for the treatment of acetabular fractures is just like standing on the roof to repair the walls of a house; but the quadrilateral body fracture could not be treated under the direct vision. Furthermore, the Pfannenstiel approach reveals a limited range, which is generally limited to the treatment of synchondrosis pubis injury.

Advantages of the Stoppa and modified Stoppa approaches
-------------------------------------------------------

The Stoppa approach[@B11] was initially applied for the treatment of abdominal wall hernia. Hirvensalo et al applied this approach in pelvic fractures[@B12] and achieved good results. Subsequently, this approach was used for acetabular fractures after being improved by Cole and Bolhofner:[@B13] early transverse incision, cutting off the ending points of the rectus abdominal were modified by abdominal median longitudinal incisions and the end-points of the rectus abdominal were reserved; which reduced the occurrence of abdominal wall hernias. This approach enters from the linea alba of the medial rectus abdominal. It does not need to be exposed, and stimulate the femoral artery and vein, femoral nerve, femoral lateral cutaneous nerve and other important tissues; and it is a soft tissue-friendly surgical approach.[@B14] The surgeon should obtain a more open field of vision at the healthy lateral of the pelvis, and the synchondrosis pubis, quadrilateral body, and anterior of the articulationes sacroiliaca were extraperitoneally exposed. Furthermore, the ischial ramus could be partly exposed when the obturator fascia and fascia iliopectinea were stripped. Through measurement, a 79% scope of the inner true pelvis could be revealed; in particular, 80% of the surface of the quadrilateral body could be directly revealed.[@B15] This was similar to stand inside the house to repair the wall. It had significant advantages of exposure and reduction, as well as the fixation of fractures, when compared with the ilioinguinal approach.[@B16] ^--^ [@B18] Compared with the ilioinguinal approach, the modified Stoppa approach could reduce blood loss, reduce the amount of blood transfusion, and shorten operation time.[@B19] Furthermore, the ilioinguinal approach can easily cause injuries to the iliac vein and the lateral femoral cutaneous nerve.[@B20] ^,^ [@B21] There were no requirements of exposure and traction on the above tissues in the modified Stoppa approach, and no damages would be caused to these. In this study, there were no injuries occurred in iliac vessels, lateral femoral cutaneous nerves and femoral nerves.

Application experience of the modified Stoppa approach and matters that need attention
--------------------------------------------------------------------------------------

The modified Stoppa approach was applied to: anterior pelvic ring fractures, especially for unstable bilateral pubic ramus fractures, with or without pubic symphysis injury; anterior column and anterior wall fractures of the acetabulum, combined with the posterior half of the transverse fracture and T shape of the fracture, in which posterior column fracture displacement was not worse, and could be operated by a single modified Stoppa approach. The combination of the rear K-L approach could be applied to the complex fractures combined with posterior column and posterior wall fractures which were difficult to be reduced. This kind of operation model was applied to one of our patients. The injury in this operation model was significantly reduced compared with that of the ilioinguinal combined with the K-L approach, and postoperative recovery was faster. Acetabular quadrilateral body fracture combined with central femoral head dislocation could be treated *via* the modified Stoppa approach in a direct field of vision, which could significantly improve the quality of reduction, compared with the ilioinguinal approach.[@B22] Since the modified Stoppa approach induces less trauma, good results had been obtained in elderly patients with unstable pelvic ring fractures, compared with the application of the ilioinguinal approach.[@B23]

Contraindications
-----------------

The modified Stoppa approach is unfavorable when used[@B24] in the following patients: patients with previous history of peritonitis and pelvic inflammatory disease; patients with a history of lower abdomen and pelvic cavity surgeries, and there were abdominal wall and peritoneal adhesion in these patients. Furthermore, this approach could not be replaced by the ilioinguinal approach. Patients who are too obese, patients injured for more than three weeks, and patients with serious displacement of double column fractures and iliac crest fractures are not suitable to be treated with this approach.

Some experiences
----------------

\(1\) Preoperative placement of a bolster under the knees, and the posture of the genuflex and hip flexion could effectively improve the exposure and reduction process during operation. (2) Care should be taken in protecting the iliac vessels bundles with a wet gauze when these were anterolaterally stretched, must not perform excessive traction; prevent damage to the external iliac vein to avoid serious consequences, perform intraoperative indwell catheterization, and attention should be given in protecting the bladder. (3) The obturator vascular nerve bundles must not be excessively retracted inward posteriorly to avoid injury. (4) If the length of the drill bit is not enough, the 3.0 mm Kirschner wire could be used instead; wherein the Kirschner wire can be used to drill a hole in a certain radian, which is conducive for adjusting the direction of the screw. (5) Since the fixation was performed in the inner walls of the pubic branch and quadrilateral body, we can make full use of the pressing and pulling effects produced by the combination of steel plate and screw to reduce the fracture. (6) The combined application of the iliac fossa approach could be used in the acetabular fracture combined with the iliac wing fracture and high anterior column fractures.

CONCLUSION
==========

The modified Stoppa approach for the treatment of pelvic and acetabular fractures has advantages of less trauma, adequate and rapid exposure, convenient and effective fracture reduction and fixation, less complications and better postoperative recovery. Furthermore, this could be used as an alternative approach of the ilioinguinal approach. However, the clinical value of this approach remains to be verified by large sample cases due to the small number of cases and short follow-up time in this study.

Study was conducted at the Department of Orthopaedics, Gansu Provincial Hospital of TCM, Lanzhou, China.
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